Introduction
Light-emitting electrochemical cells (LECs) are a developing technology in solid-state lighting and, in common with organic light-emitting diodes (OLEDs), offer increased energy savings when compared to traditional white-light sources. 1 LECs possess a simpler device architecture than OLEDs and are assembled using solution, rather than vacuum, processing. Typically, the emissive layer in a LEC is a conjugated lightemitting polymer mixed with an ionic iridium(III) or ruthenium(II) complex. 1 LECs. [2] [3] [4] [5] [6] Emission is improved by incorporating sterically demanding P^P ligands 1 and two popular choices are bis (2- (diphenylphosphino)phenyl)ether (POP) and 4,5-bis(diphenylphosphino)-9,9-dimethylxanthene (xantphos). 2, [6] [7] [8] [9] [10] [11] [12] [13] [14] The complexes. These complex cations were successfully employed in LECs which displayed rapid turn-on times, although their efficiencies were relatively low. 15 We were therefore encouraged to investigate the use of 2,2′:6′,2″-terpyridine (tpy) ligands in [Cu(tpy)(P^P)] + complexes. By using a Kröhnke 16 or one-pot method, 17 it is straightforward to synthesize a range of 4′-func- 
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Results and discussion
Complex synthesis and mass spectrometric and NMR spectroscopic characterization The emission behaviour (see later) of the complexes also provides evidence for ligand dissociation in solution. Fig. 3 . Table 1 lists pertinent bond parameters in the coordination spheres of the two independent Cu atoms, and Fig. 4 presents an overlay of the two cations. The conformations of the POP ligands are very similar, and the positions of the two central pyridine rings (Fig. 4, right) are approximately superimposed.
In both cations, the P-Cu-P bite angle of the POP ligand is ≈121°( Table 1 ). In the two independent cations, the shortest Cu-N tpy bond involves the central pyridine ring, as expected for {M(tpy)} n+ domain. 33 These distances of 2.0901 (11) 18 and [Cu{4′-(2-Br-5-py)tpy}(PPh 3 ) 2 ][BF 4 ] (2.121(3) Å). 20 In both cations, one of the Cu-N outer-py distances is significantly shorter than the second. In cation A (Fig. 3a) , the tpy domain is bidentate. Atom N54 of the non-coordinated pyridine ring faces towards the copper atom; analysing the thermal ellipsoids in both possible orientations of the pyridine ring (i.e. exchanging positions of N54 and C58, Fig. 3a) showed unambiguously that the chosen ring orientation was correct. The non-bonded separation Cu1⋯N54 is 3.146(1) Å and is associated with this pyridine ring being twisted 40.6°with respect to the central pyridine ring (Fig. 4) . These structural features are similar to those observed in [Cu{4′-(2-Br-5-py)tpy}(PPh 3 ) 2 ] + . 20 The coordinated pyridine ring containing N41 is tilted through 27.5°w ith respect to the Cu-N bond vector, a feature that we have discussed in [Cu(bpy)(POP)] + complexes. 6 In cation B, the two Cu-N outer-py distances are 2.2310(12) and 2.6021(12) Å (Table 1) (Table 1) . Ligand 4 coordinates in a bidentate mode, and the rings comprising the coordinated bpydomain are mutually twisted by 15.8°. The non-coordinated pyridine ring (with N65) is twisted 29.7°with respect to the . Ellipsoids are plotted at 30% probability, and H atoms omitted for clarity. . 18 The correct orientation of the ring with N65 was confirmed by examination of the thermal ellipsoids of N65 and C69 when their positions were exchanged. The preference for this orientation may arise from a close inter-cation N⋯H-C phenyl contact (N65⋯H341 i C34 i = 2.66 Å; N65⋯H341 i -C34 i = 134°). Propagation of these interactions results in the formation of chains of cations along the b-axis (Fig. 6) ; each extended n-butoxy substituent embraces an adjacent cation.
Photophysical properties
The solution absorption spectra of [Cu(N^N)(POP)][PF 6 ] (N^N = tpy, 1-4) are shown in Fig. 7 . In each complex cation, π*←π and π*←n transitions 34 give rise to an intense high energy band at ≈230 nm and broader absorptions in the 270-330 nm range. (6-Mebpy = 6-methyl-2,2′-bipyridine; 6,6′-Me 2 bpy = 6,6′-dimethyl-2,2′-bipyridine; 2,9-Me 2 phen = 2,9-dimethyl-1,10-phenanthroline).
In the solid state, the complexes are all weakly emissive when excited at 365 nm. Emission bands are broad and without structure (Fig. 8) . Since X-ray diffraction studies have revealed differing coordination modes of the tpy domain in the solid state, it is difficult to say anything about the trend in values of the emission maxima. However, the range of λ max em values (535 to 589 nm, 6 ] with N^N = tpy or 1-4 were very poorly emissive at room temperature and, where observed, emission maxima were blue-shifted with respect to those recorded for powder samples. As an example, Fig. 9 shows the normalized powder and solution spectra for [Cu (1) (Fig. 9 ) is close to that observed for free 1, 36 and the observed spectrum most probably arises from 1 or protonated ligand 36, 37 rather than the copper(I) complex.
It is well established that in solution (both in coordinating and non-coordinating solvents) tetrahedral copper(I) complexes undergo exciplex formation leading to solvent quenching of the emission. 38 
